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１ Background of Project 

 

 In China, the demand for coal is rapidly increasing against the backdrop of steady economic growth. 

The coal production in 2009 was 2,960,000,000 tons, representing a 12.7-percent increase over the 

previous year. Coal was imported by 126,000,000 tons and exported by 22,400,000 tons. This shows 

that China is a coal importing company with the net import of 103,000,000 tons. The total coal supply 

in China was more than three billion tons combining the domestic production and import volume. 

Under the booming demand for coal as described above, coal mines in China produce a huge quantity 

of low-quality coal, containing a significant amount of ash and sulfur, to be used as fuel for boilers. The 

use not only of the low-quality coal but also of boilers of low thermal efficiency results in the emission 

of a huge amount of sulfur oxide (SOx) and soot and dust in the air, significantly contributing to air 

pollution. In addition, coal combustion is one of the causes that makes China the world's second 

largest energy-origin carbon-dioxide emitting country (as of 2005). 

 

 In consequence, China has enforced its "Energy Saving Law" in January 1998 to promote 

energy-saving in the energy-related fields such as coal and electric, and enforced "Clean Production 

Promotion Law" in January 2003 aiming at the improved utilization efficiency of resources, the 

restriction of pollutant release and the environmental protection. 

 

 "Renewable Energy Law" enforced from January 2006 defines, in its Article 2, that "Renewable 

energy in this law refers to non-fossil energy of wind energy, solar energy, water energy, biomass 

energy, geothermal energy, and ocean energy, etc.," and also defines in its Article 49, that "Biomass 

energy shall mean energy converted from natural plants, dejecta as well as urban and rural organic 

waste." Furthermore, "Recycling Economy Promotion Law of the People's Republic of China" 

enforced in January 2009 promotes, in its Article 34, the comprehensive utilization of straw and stem 

of agricultural crops. In addition to the above, "Medium- and Long-Term Development Plan for 

Renewable Energy" sets out its policy that the annual quantity of use of molded biomass pellets for 

fuel shall be increased to one million tons in 2010, and to 50 million tons in 2020. 

 

 In its national development plan from 2006 to 2010 called Eleventh Five-Year Guideline, China not 

only aims to maintain annual GDP growth of eight percents but also advocates an emphasis on 

environmental problems. The Guideline focuses on the establishment "Harmonized society" to enable 

the achievement of sustainable growth through realization of energy- and resource-intensive 

economy. The Guideline includes nine "major objectives" the sixth of which is "to enhance the 

potential for sustainable development" and the eighth of which is "to dramatically increase the 

resource utilization efficiency." 
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２ Project Objectives 

 

 We have received a request for study, from Liaohe-Soken Chemical Co., Ltd. in Panjin City, Liaoning 

Province, concerning the calculation of thermal efficiency of their coal-fired hot oil boilers and the 

manufacture and distribution of bio briquettes in China. 

 

The Environmental Protection Bureau of Panjin City promotes the "use of biomass as a renewable 

energy source." This report, in line with this policy, presents energy-saving improvement measures 

for the case "sheared type" bio briquettes are adopted as a fuel for coal-fired hot oil boilers, as well 

as provides the results of studies of the feasibility of manufacturing and distributing bio briquettes in 

the consideration of selling prices of the "sheared type" bio briquettes, renewable energy and 

environmental impact reduction. 

 

Attached material (1) "Written request for study" 

 

1) Recognition of the current situation 
 

 ・Demonstration plants and test equipment with respect to bio briquettes have already been 

installed in China. 

However, bio briquettes have not been widely used since the bio briquettes of 30 cc to 40 cc in 

volume made from low-quality coal with a high ash content and a low heating value are low in 

combustibility and are likely to leave a large quantity of unburned combustible content at their 

cores when used in traveling gate stoker type boilers. In addition, another reason which prevents bio 

briquettes from becoming popular in China is its high manufacturing costs since high-pressure 

molding is used to manufacture them. 

 

 ・Most of coal used within Panjin City is excavated in Fuxin coal mine which is approximately 200 

kilometers in the north from the city. The coal has a high ash content. In addition, bituminous coal 

that has caking property is included. This type of coal is likely to produce a large amount of clinker 

during combustion and leave unburned combustible content, thereby reducing combustion 

efficiency in boilers. 

 

 ・The southern part of Panjin City is one of the major rice production centers in Liaoning Province. 

Broad area in the northern and western parts are corn production centers. This means that lots of 

agricultural wastes (rice straws and corn stems) which are biomass materials are easily available. 

 In addition, reeds grow wild in vast wetlands. 
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2) Direction of study 
 

 Conventional researches/studies of bio briquette fuel have tended to refer to the feasibility of 

manufacture, manufacturing costs and selling prices of bio briquette fuels. Only a few 

researches/studies have covered the thermal-efficiency increasing effects of the combustion of 

bio briquette fuels. 

 This report on the study concerning the subject of the effective use of coal/biomass combined 

fuels, describes not only boilers' energy-saving effect to be expected from the increased thermal 

efficiency through the use of bio briquettes but also a possible environmental improvement effect 

on the basis of the present thermal efficiency values to be determined by the measurement of 

thermal efficiency of the existing coal-fired boilers. 

３ Circumstances of the area under study 

1) Panjin City in Liaoning Province 
 

 Panjin City is situated at a location within 1.5-hour drive from Shenyang, the capital city of 

Liaoning Province, 3-hour drive from Dalian, or 6-hour drive from Beijing respectively on freeways. 

Fuxin coal mine and Chaoyang coal mine are located near the city. The area is a grain-growing 

region producing rice (Panjin Rice), corn, etc. The population of Panjin City is 125 million, 57 million 

of which are living in urban area, mainly in Shuangtaizi District and Xinglongtai District. Total area is 

approximately 4,000 square kilometers. The average annual temperature is 8.6 degrees centigrade. 

 

 The Chinese government and Foreign Trade & Economic Cooperation Bureau positively attract 

Japanese companies. To promote this, they have already established the preferential economical 

structure and infrastructure including the taxation system and export subsidies. 

 

Attached material (2)：Drawing of the location of Panjin City, Liaoning Province 

Attached material (3)：Map of the suburban area of Panjin City 

2) Coal utilization situation 
 

 According to Environmental Protection Bureau of Panjin City, its annual coal usage amount is 3 to 

3.5 million tons including 2 to 2.2 million tons used by the companies with annual sales of five million 

yuan or more. If converted into the quantity of heat, taking 23,000 MJ/ton (5,500 kcal/kg) as the 

heating value of coal, the coal usage amount is equivalent to approximately 80,000 TJ/year (19 

trillion kcal/year) at the maximum. 



 

- 4 - 

3) Grain production situation 
 

 Rice and corn planting areas in Panjin City are respectively 102,493 hectares and 13,539 hectares. 

General production volume per unit area in China is 500 kg/10 a for rice and 400 kg/10 a for corn. 

Based on these values, the total production volumes of rice and corn in China are respectively 

assumed to be 500 thousand tons/year and 550 thousand tons/year. 

 

 Fig. 1  Suburban rice-producing region of Panjin City 

 

Attached material (4): Planting area of agricultural crops of Panjin City 
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4) Measurement of the thermal efficiency of coal-fired boilers 
 

 The outline of the hot oil boiler equipment the thermal efficiency of which is measured is as 

follows: 

 

 Combustion air is supplied to the air preheater. The air is preheated by combustion exhaust gas 

and fed to the boiler combustion chamber. The combustion exhaust gas generated by burning coal 

is induced by the induced draft fan from the chamber, then to the dust collector by way of the air 

preheater for dust removal. Then dust-removed gas is passed through the desulphurization unit for 

desulphurization. Finally, the gas is released into the atmosphere through the stack. 

 

 Since the return temperature of the heating medium is changed because of a load variation of the 

heated body, the stoker temperature is adjusted so that the boiler exit temperature is stabilized at 

300 degrees centigrade, thereby adjusting the amount of coal to be supplied to the boiler. 

 

 

(1)To find heat input to the boiler, the heating value of coal per unit is added by the theoretical 

amount of air required for coal combustion, the actual amount of air obtained from the remaining 

oxygen content in the exhaust combustion gas and the sensible heat of air calculated from the 

preheated air temperature. 

 On the other hand, heat output from the boiler is the total of the actual amount of exhaust 

combustion gas calculated from the theoretical exhaust combustion gas of coal, the quantity of 

heat of the exhaust gas calculated from the temperature of the exhaust combustion gas at the 
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Fig. 2   Flow diagram of a hot oil boiler 
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boiler exit and the heat discharge from the boiler surface. 

Then, the heat reception of the heating medium calculated by subtracting the heat output from the 

heat input is divided by the heat input to find the thermal efficiency. 

 

Attached material (5): Catalog of hot oil boilers 
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４ Counterpart 

1) Outline of the counterpart 
 Name:  Liaohe-Soken Chemical Co.，Ltd. 

 Accountant General: Su DaLiang  

 

   Fig. 5 Liaohe-Soken Chemical Co.，Ltd. 

 

This corporation was founded as a Japan-China joint venture by "CNP LIAOHZ TETROLEUM" 

affiliated with "China National Petroleum Corporation" and "Soken Chemical & Engineering Co., 

Ltd., Japan." The outline of the corporation is as described below: 

 

 Address:Industrial Developing Zone, Xinlong tai District, Panjin City,  

  Liaoning Province, China 

 

 Established on:  December 19, 1995 

 

 Registered capital: 30 million RMB (renminbi) 

 

 Investment ratio 50 : 50 (Japan side: China side) 

 

 Major products:Synthetic heating media 
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2) Outline of the plant 

   Fig. 6  Outline of plant 

 

 

 

 

 

 

 

 Fig. 7  Facility heated with the heating medium 
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3) Outline of the project in concern 

(1) Project in concern 

 

The hot oil boiler is supplied with coal, which is a fuel, by the stoker. The boiler heats, by means of 

its coal combustion heat, the reaction can and the distillation tower which are the heated bodies. 

The boiler additionally heats the heating medium to approximately 280 ̊C to 300 ̊C after it has 

returned from the material recovery still where it has been heated. The hot oil boiler mentioned 

above is the target of the project in concern.   

 

Major specifications of the hot oil boiler is as described below: 

① Rated output of the hot oil boiler: 3,600,000 kJ/h 

② Operating temperature: 300 ℃ 

③ Type of boiler: Travelling gate stoker type boiler 

(2)Current situation 

 

Since coal supplied to the hot oil boiler varies in size ranging from the fist-sized lumps to 

several-millimeter grains, the quantity of coal supplied to the boiler also varies even if the stoker 

operates at a constant speed. As a result, excess and deficiency of the quantity of air for 

combustion occurs and the air ratio is not consistent, contributing to inconsistent combustion 

state. 

 

 The boiler combustion chamber is at a negative pressure since it induces the combustion air by 

means of the induced draft fan. As a result, the chamber draws air from its opening to cause a 

temperature reduction in the chamber. 

 

There is a concern that the heating medium temperature at the exit of the hot oil boiler widely 

fluctuates between 290℃ and 300℃. However, this temperature fluctuation does not seem to 

adversely affect the operation of the heated bodies. 

4) Description of the program in concern 
 

For the purpose of calculating the thermal efficiency of the exiting hot oil boiler, its operation data 

was collected and, at the same time, analysis data on the coal in use was obtained. 
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５ "Sheared type" bio briquette manufacturing program 

1) Outline of technology 
 

 In China, high-ash coal with 20 - 35 % ash content is used as the material of bio briquettes. When 

the conventional high-pressure molded bio briquettes (30 to 40 cc) added with desulfurizing agent 

are used, a lot of unburned combustible content remains at the core part of the briquettes. 

 

 To solve this problem, Hosokawa Micron Corporation has developed thin and small bio briquettes 

of approximately 4 cc in volume. Furthermore, the company has developed the "sheared type" 

briquetting technique where a strong shearing force and compressive force are applied to materials 

between two rolls of a briquetting machine which differ in the number of revolutions. 

 

 

 The "sheared type" briquetting technique that uses the material made by mixing coal with 

biomass (agricultural wastes such as rice straws and corn stems) and adding desulfurization agent 

to the mixture has the following features. In this project, the "sheared type" bio briquettes are to be 

manufactured. 

① A compressive force and a strong shearing force generated by sliding action are applied to the 

Fig. 8 Briquetting machine 
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powder material between two rolls which respectively rotate at different speeds (the number of 

revolutions). As a result, the material changes its structure to have more compact grain 

arrangement to make hard briquettes. In comparison with the conventional briquetting method 

(two rolls turn at the same speed), the new method enables production of bio briquettes which 

have 1.5- or 2-fold strength than the conventional method under the same molding conditions. 

 On the contrary, bio briquettes with the strength equal to that obtained by the conventional 

method can be produced only by reducing the compressive force produced between the two 

rolls, thereby reducing costs of facility and maintenance. 

 In addition, the increased speed of grain movement between the rolls allows an increase in the 

roller speed, thereby enhancing the capacity. 

②  Coal with a high content of volatile substance is hard to be molded only with the compressive 

force since it is likely to produce large elastic deformation. However, in the case such coal is 

applied with a strong shearing force under a high compressive force, it can be molded 

accompanied by plastic deformation since its grains are crushed in part. This means that 

applicable types of coal can be broadened by the use of the new method. 

 

 

 

 

 

 

 

 

③ The briquette is thin and has unique shape. It has a large specific surface area and has sharp 

edges on its periphery. This shape provides coal with good ignitability and a higher combustion 

speed, thereby burning to the core part, reducing the unburned combustible content. 

④ Since biomass grains the ignition temperature of which is low exist between coal grains, the 

amount of soot and dust produced by the emission of unburned cracked gas of coal is reduced. 

Fig. 9  Shape of "sheared type" bio briquettes 
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Approximately 60 to 70 % of the sulfur in coal is fixed in the ashes by adding a small quantity of 

desulfurization agent (hydrated lime) (Ca/S = Approximately 2), thereby reducing the amount of 

Sox emissions. 

⑤ Since the biomass is renewable energy, the coal substituting content contributes to the 

reduced amount of greenhouse gas (CO2). Furthermore, combustibility is improved leading to the 

higher thermal efficiency. This provides energy saving effect leading to the reduced amount of 

carbon dioxide (CO2). 

⑥ The biomass burns to the core part to reduce the unburned combustible content. 
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2) Facility planning: Block flow 
 

"Sheared type" bio briquette manufacturing flow is shown below: 

 

 Fig. 10  "Sheared type" bio briquette manufacturing flow 

 

Attached material (6): Flow sheet of "sheared type" bio briquette manufacturing facility planning 

Manufacturing of "sheared type" bio briquettes consists mainly of three different processes as 
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shown below: 

 

①Coal preparation facility 

 Coal is fed to a vibrating fluidization dryer to be dried to such an extent that its moisture 

content is reduced to 1 % or less. Then, the dried coal is fed to a crusher where it is crushed into 

a grain size of 1.5 mm or less. 

②Biomass preparation facility 

 Biomass (rice straws) the length of which is 30 mm or less are crushed in a crusher into 

smaller pieces of 10 mm or less long. Then the biomass is fed to a vibrating fluidization dryer to 

be dried to such an extent that its moisture content becomes 10 % or less. The dried biomass is, 

then, fed to the crusher to be crushed to such an extent that its length is reduced to 3 mm or 

less. 

③Material mixing and preparation facility 

 Three different materials; i.e., the coal (approximately 80 %), biomass (approximately 20 %) and a 

small quantity of desulfurization agent (Ca(OH)2) are fed continuously into a mixer where they 

are mixed uniformly. The mixed materials are continuously discharged and supplied to a 

briquetting machine. 

3) Construction costs 
Facility supply costs for the bio briquette manufacturing plant with the production capacity of 20 

tons/h (140 thousand tons/year) to be borne by the Japanese party/parties in concern are 

estimated to be approximately 0.7 billion yen. The breakdown of the estimated costs is as follows: 
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 Table 1    Construction cost 

(unit: yen) 

Mixing/forming facility 220,000,000 

Coal preparation facility 70,000,000 

Biomass preparation facility 170,000,000 

Hydrated lime feeding facility 10,000,000 

Dust collection facility 10,000,000 

Control panel 20,000,000 

Transport cost 30,000,000 

On-site witnessed instruction cost 60,000,000 

Commissioning 70,000,000 

Design and overhead costs 40,000,000 

Total 700,000,000 

 

 It should be noted that the aforementioned figure does not include the cost of construction such as 

civil engineering work and installation/assembly work to be borne by the Chinese party/parties in 

concern. 
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6. Report on findings from the study 

 

Findings from the field study and from the study of the relevant materials related to the Chinese 

situation are reported below. 

 

Attached material (7): Study process 

1) Potential supply area of biomass and estimated purchase prices 
 Rice yielded in Panjin City (500 thousand tons) amounts to 20 % of the rice production in Liaoning 

Province. From this fact, rice straws of Panjin Rice are assumed to be the material of biomass. The 

potential supply area is the rice-producing area located within 30 kilometers from Panjin City. 

 

  Fig. 11   Rice straws stacked outside 

 

 The quantity of rice straws that can be used as the material of biomass is estimated to be 250 

thousand tons per year, which is a half of the rice production of 500 thousand tons, based on the 

assumed ratio between rice and rice straws 1:1. 

 

 The annual production of bio briquettes presented in the "sheared type" bio briquette 

manufacturing program is 140 thousand tons per year. To achieve this figure, the quantity of rice 

straws required is "140 thousand tons x 20 % = 28 thousand tons/year." This means that the rice 

straw supply of 250 thousand tons is enough for the production of bio briquettes. 

 

 The purchase price of rice straws is estimated to be 60 yuan per ton (approximately 840 yen per 
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ton). For the aerial part of corn stem, the purchase price is said to be 30 yuan per list (1 list is 

equivalent to 1/15 ha). The purchase price of corn stems, converted from the above value by 

calculating on the basis of the corn production per unit area, will be 100 yuan per ton (approximately 

1,400 yen per ton), which is estimated to be a little under twice as high as that of rice straws. 

 

In addition, agricultural wastes such as rice straws and corn stems are produced in the agricultural 

off-season of the area. Preparation work to be done in the farming land including the collection and 

chopping of the agricultural wastes gives the farmers cash income 

 

 Reeds which grow wild in the marshland of Panjin City are another potential material of biomass. 

However, they have already been used in the manufacture of paper in accordance with the China's 

policy. Use of the reeds as the material of biomass, therefore, is not feasible. 

 

2) Potential supply areas, types and estimated purchase price of coal 

 

We have visited several areas and done interviews details of which are as follows: 

(1) Fushun coal mine area 
The destination of visit: Government of Dongzhou District Fushun City,  

    Merchants Bureau of Dongzhou District Fushun City 

 

 The coal production of Fushun City has been increasing year after year in increments of 5 

- 7 million tons/year. The Bureau estimates that coal mining can be continued another 50 

years ahead in consideration of the coal reserve of the mine. They are willing to introduce 

advanced coal utilization technologies to extend the period they can depend on coal. 

 

 The heating value of the coal is 5,000 to 6,000 kcal/kg. The selling price is 650 yuan/ton. 

Along with coal mining, low-quality coal (slack coal) is produced by 400 thousand tons per 

year. The heating value of the low-quality coal is 2,000 to 3,000 kcal/kg. A third of the 

low-quality coal production is used as the material of coal briquettes and two thirds are 

mixed in coal for power generation. The price of the low-quality coal is 200 yuan/ton. 

(2) Fuxin coal mine area 
The destination of visit: Fuxin BoDa coal mine 

 

 Government-managed Fuxin coal mine was closed down. After the shutdown, 

approximately 100 different private companies have acquired the mining rights and are 

engaged in mining. 

The coal reserve of the mine owned by the company we have visited allows the coal 
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production of 3 million tons per year for approximately ten more years. After mining-out of 

the current mine, the company will acquire the mining right for another mine from Liaoning 

Province. 

 The heating value of good-quality coal is 6,200 kcal/kg. Its price is 643 yuan/ton. The coal 

mined from the surface soil has the heating value of 1,800 kcal/kg. This type of coal is 

mixed with clay to make bricks. The coal the heating value of which is 2,500 to 3,000 kcal/kg 

is used for power generation or as the material of coal briquettes. 

 When mining the coal, rocks and stones are also mined together with the coal. The general 

unit price is 0.05 to 0.08 yuan/kcal/ton. 
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3) Potential supply areas, types and estimated purchase price of coal 
 

Fushun coal mine is approximately 300 kilometers away from Panjin City. Fuxin coal mine is nearer 

to the city. The latter is therefore chosen as a potential supply area. 

 

 The coal mine we have studied is an open-cut coal one. Coal exists in the layer ranging between 

40 to 60 meters at 70 meters below the surface soil. The type of coal is bituminous coal of low 

coking property. Provided that the coal has the heating value of approximately 18,000 kJ/kg (4,300 

kcal/kg), the price is estimated to be 350 yuan/ton (approximately 4,900 yen/ton) based on its unit 

price of 0.08 yuan/kcal/ton. 

 Fig. 12  Fuxin BoDa coal mine 

 Fig. 13  Coal the heating value of which is approximately 18,000 kJ/kg 

 

Attached material (8): Result of analysis of coal (three types) of Fuxin coal mine 
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4) Potential site for the manufacture of bio briquettes 
 
 Panjin City in Liaoning Province is chosen as a potential site for the manufacture of bio briquettes 
since it provides easy supply of coal and biomass and has the facilities which annually consume 3.5 
million tons of coal at the maximum. 
 
 When we have visited Environmental Protection Bureau of Panjin City, we have been told that the 
city positively pursue the creation of a recycling-oriented society which uses biomass, and National 
Development & Reform Commission also promotes the same policy. 

5) Measurement of the thermal efficiency of coal-fired boilers 
 
 Thermal efficiency of coal-fired boilers simply calculated from the measured operating data is 
shown in the chart below. The thermal efficiency is within anticipation as the coal-fired hot oil boiler 
of this scale. 
  
The thermal efficiency is approximately 55 % when the boiler output is around 50 % of the rated 
output (3,600 MJ/h). It is approximately 73 % when the boiler output is near the rated value. 
It is assumed that the variation in the thermal efficiency is caused by large changes of load and 
frequent unsteady operation. 
 
 Thermal efficiency of the heat carrier boilers using heavy oil or gas as a fuel is 85 % or more 
provided that the boiler is equipped with the exhaust heat recovery equipment as in the case of the 
facility concerned. Thermal efficiency of the coal-fired boilers is lower than this by 10 % or more. 

 Fig. 14  Chart of calculated thermal efficiency 

 

Attached material (9): Measurement data and calculated thermal efficiency 
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7 Consideration 

1) Estimated selling price of the "sheared" type bio briquettes 
 

 Selling price is obtained based on the manufacturing cost on the assumption that the annual 

production volume of bio briquettes is 140,000 tons/year. 

 

 Bio briquettes consist of coal (80 %) and biomass (rice straws) (20 %). The purchase prices of the 

former is 450 yuan/ton and that of the latter is 60 yuan/ton. The material cost per unit is 372 

yuan/ton. The annual material cost is calculated, therefore, as "140,000 x 372 = 5,210 yuan." 

 In addition, annual labor costs on two managers and 20 workers are 43 thousand yuan and annual 

utilities cost (power supply, etc.) is 250 thousand yuan. The annual costs amount to 140 thousand 

yuan including the maintenance cost that accounts for 2.5 % of the total cost. 

 

 The total of the aforementioned bio-briquette manufacturing costs is 56,430 thousand yuan. If the 

gross margin rate is assumed to be 20 %, the estimated selling price of bio briquettes is calculated as 

"56,430/(1-0.2)/140 = 503 yuan/ton (approximately 7,050 yen/ton." (The gross margin rate is set 

at 20 % for the convenience sake.) 

  

 It should be noted that a small quantity of desulfurization agent is also used for the manufacture of 

bio briquettes, the quality however is only approximately 50 kilograms for one ton of bio briquettes. 

Its purchase price is therefore omitted from the above calculation. 

2) Increase in thermal efficiency of the boilers and reduction in fuel costs 

(1) Causes that contribute to lower thermal efficiency 
As described above, the thermal efficiency of the existing coal-fired boilers is as low as 

approximately 73 % even when the boiler output is near the rated output. The possible causes 

which contribute to such a low thermal efficiency are as follows: 

(It should be noted, however, the reason why the thermal efficiency is as low as approximately 55 % 

when the boiler output is small is that a large share of the heat input is occupied by the heat 

released from the hot oil boiler. This is a generally-observed phenomenon.) 

①Since the shape and size of the coal are not uniform, the quantity of coal fed by the stoker 

varies, resulting in unstable combustion. 

②Since the air passed in the stoker is biased, it is inevitable to substantially increase the quantity 

of air to be supplied for the coal combustion as compared with the required air quantity. 
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③Combustion air quantity is not adjusted to the quantity of coal supplied. 

(The constant quantity of air is supplied even if the combustion capacity varies.) 

④The air preheater for recovering heat from the exhaust combustion gas and the passage for the 

preheated combustion air are not thermally insulated. 

(2) Measures to increase the thermal efficiency 
 The aforementioned causes ① and ② can be corrected by using the "sheared type" bio 

briquettes which are nearly uniform in size and have less fine powder. With bio briquettes, the 

quantity of the fuel on the stoker stays constant and the air is supplied uniformly, thereby helping 

improve the combustion. 

 Furthermore, the air flow can be consistent by changing the stoker with the exclusive one which 

matches the size of "sheared type" bio briquettes. 

 

For cause ③, it was conventionally difficult to adjust the combustion air volume to a proper 

quantity that matched the combustion capacity since the size of coal was not uniform and the coal 

distribution on the stoker varied. However, the aforementioned adjustment is possible by the use of 

the "sheared type" bio briquettes. 

 

Cause ④ can easily be corrected by providing heat insulation for the existing facility. 

 

 The coal-fire boilers can be controlled in the way similar to the oil-/gas-fired boilers to achieve 

more than 10-percent increase in the thermal efficiency in comparison with the current value of 55 

to 73 %, thereby obtaining the energy saving effect. 

 

(3) Calculation of the fuel cost reduction 
 In this section, the fuel cost reduction to be expected by changing the fuel for the existing hot oil 

boilers from coal to the "sheared type" bio briquettes is calculated. 

 

 The current purchase price of coal is 643 yuan/ton. The coal consumption is 220 kg/h. The 

annual operating time of the hot oil boilers is 6,000 hours. From these figures, the current running 

cost is calculated to 850 thousand yuan. 

 The current combustion quantity of heat of the boiler is calculated from the coal's heating value 

of 16,400 kJ/kg as "220 x 16,400 = 3,600,000 kJ/h."  

 

It is expected that the thermal efficiency of the hot oil boiler will be increased from 70 % to 80 % by 

changing the fuel from coal to the "sheared type" bio briquettes. 
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The combustion heating value of the hot oil boiler is calculated as "3,600.000 x 70/80 = 3,150,000 

kJ/h." When this value is divided by 18,600 kJ/kg which is the heating value of the "sheared type" 

bio briquettes, the quantity of the bio briquettes required will be 169 kg/h. Since the purchase 

price of the bio briquettes is 503 yuan/ton, the running cost is similarly calculated based on the 

purchase price as "169 x 503 x 6,000/1,000 = 510 thousand yuan." 

 

 

 Table 2 Calculation of the fuel cost reduction 

 This means that the fuel cost reduction and energy saving effect equivalent to 340 thousand 

yuan (850,000 yuan - 510,000 yuan) (approximately 4.7 million yen) can be expected annually by 

changing the fuel for the existing boilers (output 3,600,000 kcal/h) owned by Liaohe-Soken 

Chemical Co., Ltd. in Liaoning Province from coal to the "sheared type" bio briquettes. 

3) Environmental improvement effect 
 

In this section, the environmental improvement effect expected from the implementation of the 

project where the "sheared type" bio briquettes are used in a combustion facility that consumes 

Current coal price 643 yuan/ton

Current quantity of coal burned 220 kg/h

　Annual fuel cost 848,760 yuan/year

　Annual thermal efficiency 70 ％

　Annual heating value 16,386 kJ/kg

　Annual combusion value 3,604,920 kJ/h

Heating value of new sheared-type bio briquettes 18,651 kJ/kg

　Newly estimated thermal efficiency 80 ％

　Newly estimated combustion capacity 3,154,305 kJ/h

　Newly estimated quantity burned 169 kg/h

　Newly estimated price 500 yuan/ton

　Annual fuel cost 507,000 yuan/year

Fuel cost reduction 341,760 yuan/year
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coal by 10 thousand tons per year is numerically verified. 

(1) SOx emission reducing effect 
 

 The project where the "sheared type" bio briquettes are used helps increase the thermal 

efficiency by 10 % and reduce the quantity of coal combustion. In addition, SOx emission reduction 

effect is expected by the addition of desulfurization agent (hydrated lime). 

 

 In the case the quantity of coal combustion before the implementation of the project is 10 

thousand tons per year, SOx emission is calculated to be 262 tons per year on the assumption that 

the total sulfur content in coal is 1.87 % (note that the combustible sulfur content is assumed to be 

70 % of the total sulfur content). 

 

 Table 3  Sulfur oxide emission reduction 

 On the other hand, the quantity of coal combustion in bio briquettes is estimated to be 9,284 tons 

per year after the implementation of the project. In this case, the quantity of SOx emission will be 

85 tons per year. 

 

 This means that SOx emission reduction effect equivalent to 177 tons per year (262 tons - 85 

tons). The SOx reduction per 1 TJ of the quantity of coal combustion is calculated to be 

approximately 0.8 ton by dividing the annual quantity of coal combustion 230 TJ. 

Total sulfur content 1.87％

Combustible sulfur content 1.31％

SOx removal efficiency 65％

Before the implementation of
the project
Coal consumption 10,000 ton/year 262 ton/year 230 TJ/year
After the implementation of
the project
Coal consumption 9,284 ton/year 85 ton/year
Reduction of the amount of
SOx emission 177 ton/year
Reduction per quantity of
coal-combustion of 1 TJ 0.77 Ton/TJ

Amount of SOx emission

Fuxin coal
Assumed to be 70 % of the total sulfur
content
By the hydrated lime
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(2) CO2 emission reduction effect 

 

 Along with the reduction of combustion amount of heat because of the increased thermal 

efficiency, the COx produced by the combustion of biomass in bio briquettes is not counted. This 

contributes to the reduction of CO2. 

 

 Table 4  Carbon dioxide reduction 

 

 In the case the combustion capacity of coal is 10,000 tons per year, combustion quantity of heat 

is 230 TJ/year. The CO2 emission calculated based of the coal's emission coefficient (94.6 tons - 

CO2/TJ) is 21,758 tons/year." After the implementation of the project, the quantity of CO2 

emitted from the bio briquettes will be 15,798 tons/year. 

 This means that the project will be able to achieve the CO2 emission effect that is calculated as 

"21,758 - 15,798 = 5,960 tons/year." When this value is divided by 230 TJ (coal's annual 

combustion capacity). the CO2 emission reduction for 1 TJ, approximately 26 tons, can be 

obtained. 

4) Others 
 

There is a concern that rice straws which are the potential source of the biomass for this project 

can run short in a certain period of year (spring to summer). To dispel this concern, the following 

optional measures are considered. 

①Coal is available throughout the year. The "sheared type" bio briquettes should be therefore 

manufactured and stored to make up for the demand in spring to summer while rice straws are 

available in fall to winter. 

(Rice straws can be fermented and become rotten if they are stored as they are.) 

②Sawdust or wood chips may be used as the source of bio briquettes since they are produced 

regardless of the season. 

③Briquettes which consist only of coal may be manufactured without being mixed with biomass. 

Coal
consumption

Quantity of coal
combustion

Emission
coefficient

CO2
emission

Ton/year TJ/year ton- CO2/TJ ton-
CO2/year ton/TJ

Before the
implementatio 10,000 230 94.6 21,758
After the
implementatio 9,284 167 94.6 15,798
Quantity of
reduction 5,960 25.9
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8 Ripple effect 

(1)  Due to the fact that Panjin City promotes the development of a recyclable society which uses 
biomass as the renewable energy, it is expected that the project will have ripple effects on 

commercial/industrial medium- to small-scale boilers (of a quantity of evaporation of 2 tons/h or 

less), the number of which is assumed to be 500 units or more, installed in Panjin City, as well as on 

large-scale regional central heating boilers (70 MV x 4 units, found in the visit on the 4th February), 

which are also public facilities. 

 Fig. 15   Guangtian Electrothermal Corporation in Panjin City 

 

(2) Boilers for central heating are operated in six months in winter season from October to March. In 
this period, biomass (agricultural wastes such as rice straws and corn stems) are produced and 

available to promise a stable supply. This is a favorable condition for bio briquettes to become 

popular. 

 There are two more central heating boilers of the similar scale in Panjin City. 
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9 Comment 

 

In this report, effects to be produced by the adoption of the "sheared type" bio briquettes have been 

confirmed including that fuels of uniform size can be supplied to the stoker, that the consistent 

combustion air flow is promised and that the combustibility is improved by mixing biomass with coal. 

 

 The thermal efficiency of the existing coal-fired boilers was measured. It has been confirmed that 

the measurement results were within the assumed range. As a result, we are certain that the thermal 

efficiency of the boilers can be improved by the use of the bio briquettes expecting the 

aforementioned effects to be demonstrated. Therefore, we feel strongly that this project has 

enormous significance for the promotion of energy efficiency toward the future. 

10 Attached material 

x Attached material (1)："Written request for study" 

x Attached material (2)：Drawing of the location of Panjin City, Liaoning Province 

x Attached material (3)：Map and Aerial photography of the suburban area of Panjin City 

x Attached material (4)：Farm products planted area in Panjin City 

x Attached material (5)：Catalog of hot oil boilers 

x Attached material (6)：Flow sheet of "sheared type" bio briquette manufacturing facility  
                       planning 

x Attached material (7)：Study process 

x Attached material (8)：Result of analysis of coal (three types) of Fuxin coal mine 

x Attached material (9)：Measurement data and calculated thermal efficiency 
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